Previous research (Weatherly, Stout, Rue, & Melville, 2000) has shown that rats' rates of lever pressing for low-concentration liquid-sucrose reinforcement in the first half of an experimental session are higher when food pellets, rather than the same sucrose reinforcers, are delivered in the second half of the session (Le., induction). The present study investigated whether this effect was sensitive to changes in the rate of reinforcement in the first or second half of the session. Rats responded in 50-min sessions, with 1 % (Experiment 1) or 5% (Experiment 2) liquid-sucrose reinforcers delivered during the first half of the session. In different conditions, food pellets or the same sucrose served as the reinforcer in the second half of the session. Rate of reinforcement in either the first or second half of the session was varied across conditions. Results showed that induction was present in both experiments, although it was most reliable when subjects responded for 1 % sucrose. They also suggest that rate of sucrose reinforcement is not a determining factor of when induction will be observed. By doing so, the present results increase the generality of the present induction effect.
usually employ rich schedules of reinforcement because contrast effects have been shown to be larger at higher, rather than lower, baseline rates of reinforcement (McSweeney, Dougan, Higa, & Farmer, 1986; Weatherly, Melville, & Swindell, 1998) .
However, when some of these factors are altered, induction (the opposite of behavioral contrast) is observed. For example, Weatherly, Stout, McMurry, Rue, and Melville (1999, Experiment 2) had rats press a lever for reinforcers delivered by a two-component multiple schedule during a 60-min session. Each component was 30 min in length and delivered a different reinforcer. Five-percent liquid sucrose served as the reinforcer during the first half of the session and a food pellet served as the reinforcer in the second half. Across conditions, rate of food-pellet reinforcement in the second half of the session was varied whereas sucrose reinforcement was always delivered by a variable-interval (VI) 60s schedule. Results showed that rates of responding for sucrose in the first half of the session varied directly with rate of food-pellet reinforcement in the second half. That is, under these conditions, induction, and not contrast, was observed.
The question that arises is why induction, and not contrast, was observed. A clear answer is not readily available because the procedure employed differed in many · ways from those typically used to study behavioral contrast. Components were long, did not alternate within the session, delivered different reinforcers, and provided reinforcers (in the unchanged component) at only a moderate rate. Therefore, anyone, or a combination, of these factors could potentially account for the observance of induction rather than contrast.
The present study focused on investigating one of these variables, rate of reinforcement. Subjects responded in 50-min sessions, with sucrose reinforcers available during the first half of each session. In half of the conditions, sucrose reinforcers were also delivered in the second half of the session. In the other half of the conditions, food pellets were delivered in the second half of the session. Rate of reinforcement in the first or second half of the session was varied across conditions, from a VI 15-s schedule to a VI 240-s schedule. The present study measured responding for two different sucrose concentrations because evidence suggests that the size of the induction effect varies inversely with the concentration of the sucrose reinforcers (Weatherly, Stout, Rue, & Melville, 2000) . In Experiment 1, subjects responded for 1 % liquid sucrose. In Experiment 2, they responded for 50/0 sucrose. By using th is procedure, several important issues could be addressed. First, it could determine whether rate of reinforcement in the first half of the session is an important variable in the observance of induction when sucrose reinforcement is followed by food-pellet reinforcement. As noted above, the largest contrast effects are observed when reinforcers in the unchanged component (in this case, the first half of the session) are delivered at high rates. Therefore, it is possible that the size of the induction effect may decrease as rate of sucrose reinforcement is increased. Contrast may even be observed.
Second, the present procedure can potentially determine whether changes in rate of reinforcement are similar to changes in sucrose concentration. That is, preliminary evidence (Weatherly et aI., 2000) suggests that the size of the induction varies inversely with sucrose concentration. Increasing the rate of reinforcement in the first half of the session may produce a similar effect. That is, induction may vary inversely with reinforcement rate.
Third, the present procedure allows for an assessment of potential control conditions. Weatherly et al. (1999) reported that rates of respond ing for sucrose varied directly with rate of food-pellet reinforcement in the second half of the session. They did not, however, conduct conditions in which sucrose reinforcers were delivered at comparable rates in the second half of the session. Therefore, it is possible that, although responding for sucrose varied directly with rate of food-pellet reinforcement, contrast would have been observed had responding in these conditions been compared to conditions in which sucrose reinforcers were delivered at comparable rates in both halves of the session. To make this determination, the present study altered rate of reinforcement in the second half of the session for both sucrose and foodpellet reinforcement.
Finally, the present procedure should help to identify the generality of the induction reported by Weatherly et al. (1999) . In that study, reinforcers in the unchanged component were delivered by a VI 60-s schedule. It is possible that the observed induction effect is limited to this specific, moderate rate of reinforcement, and that this effect may not occur at higher or lower rates of reinforcement.
Experiment 1

Method
Subjects. Subjects were 4 experimentally naive male Sprague-Dawley rats bred at McNeese State University. They were approximately 100 days of age at the beginning of the experiment, were housed individually with water freely available (only) in the home cage, and experienced a 14/10 hr light/dark cycle (with lights on at 0600 hr). Subjects were maintained at approximately 85% of their free-feeding body weight by postsession feedings or by daily feedings on days in which sessions were not conducted.
Apparatus. The apparatus was a Med-Associates conditioning chamber for rats (ENV-007), measuring 28 by 22 by 28 cm. Two 4.5-cm wide by 0.1-cm thick response levers were located on the front panel, 7 cm above the floor. The left lever was retractable. When inserted, the left edge of the left lever was 1.5 cm from the left wall. The right edge of the right lever was 1.5 cm from the right wall. Each lever could be depressed when approximately 0.25 N of force was applied to its center. A 2.5-cm diameter stimulus light was located 6 cm above the center of each lever. Centered on the front panel was a 5-by 5-cm opening that allowed access to a 2.5-cm diameter recessed cup into which reinforcers were delivered. The opening was 2 cm above the grid floor. Liquid reinforcers could be delivered into the cup via a 22-gauge pipette connected to a syringe pump (PHM-100) that was located outside of the apparatus. Food-pellet reinforcers could be delivered into the cup via a pellet dispenser (ENV-203), located behind the front panel. On the back wall, opposite the front panel, was a 1.S-cm diameter houselight. It was centered 1 cm from the ceiling. Also centered on the back wall was a nose-poke apparatus. The nose-poke opening was 2 cm in diameter, with the bottom of the opening being located 1.S cm above the grid floor.
The apparatus was enclosed in a sound-attenuating chamber, with a ventilation fan masking noise from the outside. An IBM-compatible 486 computer, that was connected to a Med-Associates interface, controlled the experimental events and recorded data. The computer and interface were located in the same room as the apparatus.
Procedure. Subjects were trained to press the left lever using the following procedure. A subject was placed into the chamber for 60-min sessions in which reinforcers (4S-mg Noyes pellets, Formula All) were scheduled according to a variable-time 60-s schedule. When a reinforcer was scheduled, the left lever was inserted into the chamber for 10 s. After 10 s, or immediately after the lever was depressed, the lever was retracted and a food pellet was delivered. After each subject had pressed the lever more than 100 times on this procedure, the experiment was begun.
Subjects responded in sessions that were SO min in length. Pressing the left lever was reinforced according to a VI schedule (either 15, 60, or 240 s). Reinforcers were scheduled at a probability of 0.0667, 0.0167, or 0.0042 (for the VI 15-, 60-, & 240-s schedules, respectively) every 1 s.
Once a reinforcer was scheduled, the interreinforcer interval did not advance until the reinforcer was collected. Neither the interreinforcer interval nor the session timer advanced during reinforcer delivery. Both the houselight and the light above the left lever were illuminated throughout the session. A component stimulus was not provided because research from our laboratory has indicated that its presence or absence does not alter responding in the first or second half of the session.
Reinforcers in the first half (25 min) of the session were always 0.2 ml of 1 % liquid sucrose (w/v sucrose/tap water). In some conditions, the same 1 % sucrose served as the reinforcer during the second half (25 min) of the session. In other conditions, a 4S-mg food pellet (P. J. Noyes, Formula All) served as the reinforcer in the second half of the session. In conditions in which different rates of reinforcement were in effect during the first and second halves of the session, reinforcers that were scheduled, but had not been collected, at the midpoint of the session were canceled and the interreinforcer interval for the new schedule of reinforcement was initiated.
Subjects responded in a total of 10 conditions, the order of which had been determined randomly prior to the beginning of the experiment. Two of the subjects received the following order of conditions (the numbers represent the interval value of the VI schedule in the first and second halves of the session, respectively, with the parentheses indicating whether a switch in reinforcer type from 1 % sucrose to food pellets occurred (8) or not (NS) at the midpoint of the session: 240-60 (S), 60-240 (NS), 60-60 (NS), 15-60 (N8), 60-15 (S), 15-60 (8), 60-60 (8), 60-15 (NS), 240-60 (NS), 60-240 (S). The other two subjects received the reverse order of conditions. Each condition was conducted for 20 sessions, with sessions conducted daily, 5 to 7 days per week. Figure 1 presents the rates of responding, in responses per min, in successive 5-min intervals of the session that were observed in Experiment 1. Each graph presents the results for each pair of conditions that shared VI-schedule values in the first and second halves of the session. Each function represents the mean for all subjects responding during the final five sessions of the condition in which sucrose reinforcers were delivered in both the first and second halves of the session (closed squares) or in which food pellets were delivered in the second half of the session (open squares). The error bars represent the standard error of the mean for aU subjects responding during that particular 5-min interval.
Results and Discussion
Two general findings are apparent in Figure 1 . First, rates of responding for 1 % sucrose were not high, especially when sucrose served as the reinforcer throughout the session. This finding is not unusual (Weatherly et aI., 2000) . However, it should be noted that, with the exception of the VI 15-s schedules (top two graphs), response rates were more than sufficient to satisfy the schedule requirement. In other words, 1 % sucrose served as a reinforcer, albeit a weak one. Second, food pellets always maintained higher rates of responding than did the sucrose, even when sucrose reinforcers were delivered at a high rate.
The effect of changing rates of reinforcement in the first and second halves of the session was analyzed by conducting two three-way (reinforcer rate by reinforcer type by 5-min interval) repeated measures analyses of variance (ANOVAs). These analyses were conducted on responding of individual subjects during the first half of the session during conditions in which rate of reinforcement was varied in the first half of the session or in which it was varied in the second half. Data from the VI 60-s -VI 60-s conditions were used in each analysis. Results of these analyses are presented in Table 1 and were considered significant at p < .05.
The results in Table 1 support the following ·conclusions. First, responding for sucrose was influenced by upcoming food-pellet reinforcement. The main effect of reinforcer type was significant when rate of reinforcement was varied in the second half of the session. It approached significance (p < .062) when reinforcement rate was varied in the first half. In addition, the interaction between reinforcer type and 5-min interval was significant for both analyses, indicating that upcoming foodpellet reinforcement produced different changes in responding within the first half of the session than did upcoming sucrose reinforcement. Figure  - 1 shows that upcoming food-pellet reinforcement produced increasing response rates across the first half of the session. Second, the results indicate that altering rate of reinforcement in the first half of the session did not alter the effect of upcoming food-pellet reinforcement. This indication comes from the failure of the interaction between reinforcer rate and reinforcer type to reach significance. However, because the main effect of reinforcer rate was not significant, it is difficult to independently conclude that the effect of changes in the rate of reinforcement did not alter the induction effect.
Third, increasing the rate of reinforcement in the first half of the session did not reduce the size of induction. The size of induction has been shown to vary inversely with sucrose concentration (Weatherly et aI., 2000) . If increasing reinforcement rate in the first half of the session was to produce a similar effect, then a significant interaction between reinforcer rate and reinforcer type or of reinforcer rate, reinforcer type, and 5-min interval should have been observed. These interactions were not significant.
Fourth, the induction produced by upcoming food-pellet reinforcement was present regardless of the comparison condition. Upcoming food-pellet reinforcement produced higher rates of responding and different patterns of responding within the first half of the session than did upcoming sucrose reinforcement. Figure 2 presents the rates of responding in successive 5-min intervals of the session when food pellets were delivered by a VI 15-s (closed squares), V160-s (open squares), and VI 240-s (closed circles) schedule. It shows that, as reported by Weatherly et al. (1999, Experiment 2) , larger induction effects were observed in the first half of the session when food pellets were delivered at higher, rather than at lower, rates. Finally, the results suggest that the induction produced by impending food-pellet reinforcement in this procedure is a fairly general finding when subjects respond for 1 % sucrose. Induction was observed in all conditions regardless of rate of reinforcement in the first or second half of the session.
" Experiment 2
Experiment 2 replicated the procedure of Experiment 1 for subjects responding for 5% liquid-sucrose reinforcers.
Method
Subjects and apparatus. The subjects were 4 experimentally naive male Sprague-Dawley rats that were obtained, housed, and maintained as those in Experiment 1. The apparatus was nearly identical to that used in Experiment 1. The exceptions were that the chamber measured 24 by 30 by 25 cm and that the back panel did not house a nose-poke apparatus.
Procedure. Subjects were trained to press the left lever as were those in Experiment 1. Once trained, subjects responded in sessions that were identical to those experienced by subjects in Experiment 1 with the exception that subjects responded for 5%, and not 1 %, liquid-sucrose reinforcers. As in Experiment 1 , 2 subjects experienced the conditions in one order, whereas the other 2 subjects experienced them in the reverse order. Figure 3 presents the rates of responding, in responses per min, in successive 5-min intervals of the session that were observed in Experiment 2. One subject died approximately midway through the experiment. Figure 3 and the analyses use data only from the 3 subjects that completed the experiment. Figure 3 was constructed as was Figure 1 .
Results and Discussion
The effect of altering rate of reinforcement in the first and second halves of the session was again analyzed by conducting separate threeway (reinforcer rate by reinforcer type by 5-min interval) repeated measures ANOVAs on responding during the first half of the session when rate of reinforcement varied across conditions in the first half of the session and when it varied across conditions in the second half. Again, results from the VI 60-s -VI 60-s conditions were used in both analyses. Results for each analysis are given in Table 2 and were again considered significant at p < .05. .469 Figure 3 shows, and the results from Table 2 indicated, that the induction effect of upcoming food-pellet reinforcement was not always present when subjects responded for 5% sucrose. Neither the main effect of reinforcer type nor the interaction between reinforcer type and 5-min interval reached significance when rate of reinforcement was altered in the first half of the session (although the interaction approached significance, p < .053). Induction was observed when rate of reinforcement was altered in the second half of the session.
However, as in Experiment 1 , changes in rate of reinforcement during the first half of the session did not appear to alter the effect of upcoming food-pellet reinforcement. This conclusion is supported by the failure of the interaction between reinforcer rate and reinforcer type to reach significance. Also as in Experiment 1, increasing rate of reinforcement in the first half of the session failed to decrease the effect of upcoming foodpellet reinforcement. Although the interaction of reinforcer rate, reinforcer type, and 5-min interval was significant, Figure 3 shows that a direct relationship between induction and reinforcer rate was observed. Larger, not smaller, induction effects were observed in the first half of the session as rate of sucrose reinforcement was increased.
Again similar to the results of Experiment 1, the induction effects observed in Experiment 2 were not dependent upon what comparison conditions were used. Figure 4 presents rates of responding in successive 5-min intervals of the session when food pellets were delivered at different rates in the second half of the session. It was constructed as was Figure 2 and demonstrates, as did Figure 2 , that induction was larger in the first half of the session when food pellets were delivered at higher, rather than at lower, rates in the second half. Therefore, induction was again present regardless of whether the control condition delivered sucrose reinforcers in the second half of the session or food pellets at a different rate. Finally, the results of Experiment 2 suggest that the induction produced by upcoming food-pellet reinforcement can be eliminated. The effect was not statistically significant when rate of sucrose reinforcement was varied in the first half of the session. Therefore, in comparison to the results of Experiment 1, the results of Experiment 2 suggest that induction is not as general when subjects respond for 5% sucrose. The results also suggest that the question is whether or not induction will be observed, not whether or not upcoming food-pellet reinforcement will produce behavioral contrast. No results resembling contrast were observed in Experiment 2.
FOOD REINFORCEMENT IN SECOND HALF VARIES
General Discussion
The present study was designed to follow up on the finding that rates of responding for sucrose reinforcement in the first half of the session are increased when food pellets, rather than the same sucrose reinforcers, are delivered in the second half of the session. It focused on whether or not different rates of reinforcement in either the first or second half of the session would influence this induction effect because research on behavioral contrast indicates that rate of reinforcement is an important variable in the observance of contrast. Specifically, the present study was concerned with whether the changes in reinforcement rate would eliminate the induction, or even reverse it to contrast, and whether the changes in rate of reinforcement would be functionally equivalent to changing the concentration of sucrose, which has been shown to decrease the size of induction. The present procedure also addressed the issues of potential control conditions and of the generality of the induction.
Overall, the results indicated that altering the rate of reinforcement in the first half of the session does not alter the effect of upcoming foodpellet reinforcement. This conclusion is supported by the finding that there was not a significant interaction between rate of reinforcement in the first half of the session and type of second-half reinforcer in either experiment. One could argue that, in Experiment 1, because the different reinforcement rates did not produce different rates of responding, such an interaction would not be expected. However, in Experiment 2, rates of responding in the first half of the session varied directly with rate of reinforcement in that half of the session, but no interaction was observed.
The results also demonstrate that changes in rate of reinforcement in the first half of the session do not function as do changes in sucrose concentration. That is, recent results (Weatherly et aI., 2000) have found an inverse relation between the size of induction and sucrose concentration. Neither of the present experiments produced an inverse relation between rate of reinforcement in the first half of the session and the size of induction. In fact, in Experiment 2, induction effects in the first half of the session were largest at the highest rates of reinforcement in the first half of the session.
Results of both experiments also showed that the induction was not an artifact of type of control condition. Two potential comparison conditions existed in the present study. First, responding in the first half of the session could be compared when sucrose reinforcers and when food pellets were delivered at the same rate in the second half of the session. Second, a comparison could also be made when rate of food-pellet reinforcement varied across conditions. Both comparisons resulted in the observance of induction. Response rates for sucrose in the first half of the session were higher when food pellets, rather than sucrose reinforcers, were delivered in the second half. They also varied directly with rate of upcoming food-pellet reinforcement.
The present experiments also extend the generality of this induction effect. It was observed in both experiments. The effect was observed at rates of reinforcement that differed from the VI 60-s schedule that had been used previously (Weatherly et aI., 1999) . Given its reliability, and its observance at different rates of reinforcement, the present induction effect does not appear to be singular to the procedures used in the two previous studies. Rather it appears to be a reliable finding in need of a theoretical explanation.
What that explanation might be is not clear. One possibility is that response rates for sucrose in the first half of the session increase when food pellets will be delivered in the second half because subjects start to respond for the upcoming food pellets during the first half of the session. That is, because food-pellet reinforcement, when it was delivered, always began at the midpoint of the session, its delivery was similar to a fixed-interval 25-min schedule. Thus, a fixed-interval scallop for the upcoming food pellets might have occurred. during the first half of the session. Subjects were also responding for sucrose during the first half of the session. Therefore, because both types of responses were potentially being measured on the same operandum, induction may have resulted from the addition of the anticipatory responses for the food pellets. Such anticipatory responses would not be expected when sucrose was delivered throughout the session, thus resulting in lower response rates in the first half of the session versus when food-pellet reinforcement was upcoming.
A second, and potentially related, possibility is that the induction is the product of Pavlovian conditioning (Le., potentially related because Pavlovian conditioning may play a role in the formation of fixed-interval scallops). Because the fi rst half of the session (and the sucrose) is consistently followed by the availability of food pellets, it may become a Pavlovian conditioned exciter. Thus, response rates increase when the first half of the session or the low-concentration (e.g., 10/0) sucrose reinforcers predict upcoming food-pellet reinforcement. Response rates remain low when they do not. The idea that Pavlovian conditioning may be involved in multiple-schedule interactions is not new. It has long been implicated in the observance of behavioral contrast (e.g., Gamzu & Schwartz, 1973; Rachlin , 1973) . Finding that the induction varies inversely with sucrose concentration would appear consistent with this idea, because one could intuitively predict that stronger reinforcers would be less apt than weaker ones to serve as conditioned stimuli. Future research will need to pursue this explanation. Fortunately, several procedures exist to assess the effects of Pavlovian conditioning on instrumental responding (e.g., Hassin-Herman, Hemmes, & Brown, 1992; Williams, 199,1) .
